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Description 

Field of the invention 

5 This invention relates to methods to improve the viral safety of protein solutions, particularly blood products. More 

specifically, the invention relates to a method for removing viruses, in particular small, non-enveloped viruses, from a 
plasma derived product, such as Prothrombin Complex Concentrate (PCC). 

Background of the invention 

10 

Vitamin K-dependent plasma proteins, such as coagulation factors II. VII. IX and X and Proteins C and S. play an 
important role in the coagulation cascade. These factors isolated from plasma have been used since the early seventies 
to treat patients with a congenital deficiency of the aforementioned proteins (e.g. Hemophilia B) and patients with an 
acquired deficiency (e.g. unbalanced coumarin therapy). The product which contains the therapeutic vitamin K depend- 

is ent proteins is also known as Prothrombin Complex Concentrate (PCC). 

Widely used methods to improve the viral safety of Wood products are chemical methods, such as the Solvent 
Detergent method, and heat treatment such as pasteurization or dry heat treatment. These methods are very effective 
for the removal or inactivation of enveloped viruses, such as Hepatitis B Virus (HBV). Hepatitis C Virus <HCV) and the 
Human Immunodeficiency Virus (HIV). However, these methods are less effective tor non-enveloped viruses. 

20 It is conventional to treat PCC in-process with virucidal chemicals (e.g., 0.3% TNBP and 1 .0% Tween 80) to inacti- 
vate viruses. The viruses inactivated by such treatment are such enveloped viruses as Hepatitis B Virus, Hepatitis C 
Virus and Human Immunodeficiency Virus. 

Rom the point of view from regulatory authorities there is a growing demand to prevent transmission by Wood prod- 
ucts of non-enveloped viruses, such as Hepatitis A virus (HAV) and Human Parvovirus B19 (HPV). These viruses typ- 

25 ically show chemical and heat resistance and have a small size of 25 and 20 nm respectively. The existing viral 
inactivation methods have been largely unsuccessful in the inactivation of the Hepatitis A Virus and especially Human 
Parvovirus B19. 

Nanof iltration (1 5 nm) as a virus removing technique has been applied with success for highly purified proteins with 
a molecular weight smaller than 150 kD. Attempts to use nanof iltration in order to remove Hepatitis A Virus and Parvo- 
30 virus B19 from a solution, such as Prothrombin Complex Concentrate, however, remained without success. 

Prothrombin Complex Concentrate is a product of rather low purity which contains many proteins (estimated at 
about 20 to 30) with a molecular weight up to about 20.000 kD. The therapeutic components in Prothrombin Complex 
Concentrate have a molecular weight of only approximately 70 kD. It has been discovered that the Prothrombin Com- 
plex Concentrate cannot pass a nanof itter with a pore size of 1 5 nm because of the presence therein of these contam- 
35 inants which are high molecular weight proteins. Passage of the therapeutic proteins through the nanofilter is effectively 
Wocked by clogging of the membrane by high molecular weight proteins. Only 35 nm filtration is feasiWe for Prothrombin 
Complex Concentrate, but this type of filtration does not remove Hepatitis A Virus and Human Parvovirus B19. 

An object of this invention is to provide a method which overcomes this problem. 

An object of the subject invention is to provide a method for the removal or inactivation of small viruses, such as in 
40 particular non-enveloped viruses like HAV and parvoviruses, from a complex mixture, in particular plasma derived prod- 
ucts, such as Prothrombin Complex Concentrate. 

Another object of this invention is to provide an effective method for removing small viruses, in particular non-envel- 
oped viruses, by nanofift ration from a blood serum or plasma derived mixture containing one or more members of the 
group consisting of coagulation factors II. VII. IX and X and Proteins C and S, together with higher molecular weight pro- 
45 teins having a molecular weight of from about 200 kD. more particularly a molecular weight of from about 400 kD to 
about 20.000 kD. 

Summary of the invention 

so The invention realizes the above objects by providing a method in which a complex mixture, in particular Pro- 
thrombin Complex Concentrate, is subjected to a pretreatment which improves the filtration properties of the protein 
solution. Typically, the pretreatment comprises a filtration, such as filtration over a 200 kD membrane in a tangential flow 
method at a transmembrane pressure of less than 0.5 bar. After the pretreatment. the PCC can be filtered through a 1 5 
nm nanofilter. 

55 

Detailed description of the invention 

More specifically, this invention relates to a method for removing viruses, in particular non-enveloped viruses, from 
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a protein solution, comprising subjecting said mixture to a pretreatment which removes large proteins and subjecting 
the resulting product to nanof iltration which removes viruses. By applying the method of this invention to a protein solu- 
tion which might be contaminated with (non-enveloped) viruses, it can be secured that the product obtained is substan- 
tially free of said viruses. So. the subject matter of this invention may be rephrased as a method for subjecting protein 

s solutions to a treatment or processing which secures their substantial freedom of (non-enveloped) viruses. 

The protein solution preferably is a Wood derived protein solution, particularly a protein solution containing one or 
more proteins selected from the group consisting of coagulation factors II. VII, IX, X, Protein C, Protein S, albumin, anti- 
thrombin III. plasminogen, heparin cofactor II, Alpha- 1 -proteinase inhibitor, C1 inhibitor, transferrin, vitamin D-binding 
protein and immunoglobulin G. In a most preferred embodiment of the invention, said protein solution is Prothrombin 

io Complex Concentrate. 

Cenerally. the large proteins which are to be removed by the pretreatment will have a molecular weight larger than 
about 200 kD, more particularly a molecular weight of from about 400 to about 20,000 kD. The large proteins are gen- 
erally selected from the group consisting of f fibrinogen, ftoronectin, immunoglobulin M t coagulation factors VIII, XIII, von 
Willebrand factor and its murtimeric forms, inter-alpha-(trypsin)inhibitor, alpha -2-macroglobulin, C1q complement pro- 
15 tein, C4 complement protein, apolipoproten(a), apolipoprotein B-100 and ferritin. 

In a particularly preferred embodiment of the invention, the pretreatment comprises membrane filtration over a 
membrane having a cut-off value of between about 150 to about 250 kD, preferably about 200 kD. It is preferred that the 
membrane filtration is carried out in a tangential flow filtration mode at a transmembrane pressure of less than 0.5 bar, 
and that during filtration a buffer is added to the retentate and the filtration process is stopped when the amount of fil- 
20 trate is about 4 to 6 times the amount of starting material. 

The nanofirtration will generally be carried out over a nanof irter having a cut-off value of between about 1 0 to about 
30 nm, preferably about 15 nm, in a dead-end filtration mode. The resulting nanof iltrate (i.e. the filtrate obtained in the 
nanof iltration) is preferably directly concentrated by dia- or ultrafiltration, preferably in a hemodialysis cartridge. 

The viruses to be removed, if present, generally are non-enveloped viruses, in particular non-enveloped viruses 
25 having a diameter of 20 nm or more, such as. in particular, Hepatite A Virus, parvoviruses such as Human Parvovirus 
B19 and Canine Parvovirus, and Encephalornyocarditis Virus. 

The method may include a virus inactivation, preferably before said pretreatment. by treating the protein solution 
with detergents such as ionic and/or non-ionic detergents in the presence of di- or trialkyl phosphate compounds such 
as tri-n-butyl phosphate. Furthermore, the protein solution obtained may be lyophilized. 
30 The present invention furthermore relates to a product more in particular Prothrombin Complex Concentrate, 
which is substantially free of (non-enveloped) viruses and is obtainable with the method of this invention. 

The subject invention, which comprises a combination of a prefiltration followed by a nanofirtration. is applicable for 
every therapeutic protein present in a solution with a complex composition. Such protein solution could be derived from 
blood plasma, body tissue, fermentation broths or other biological source materials. As stated before, the preferred 
35 starting material of this invention is PCC. 

The high molecular weight contaminants that are typically removed by the prefiltration step have a molecular weight 
of at least 200 kD. Prefiltration removes, in the case of a blood derived protein solution, in particular proteins such as: 
fibrinogen, fibronectin. Immunoglobulin M. coagulation factor VIII. coagulation factor XIII. von Willebrand factor and its 
multimeric forms, inter-alpha-inhibitor (=inter-alpha-trypsin-inhibrtor), Alpha-2-macroglobulin, Clq complement protein, 
40 C4 complement protein, apolipoprotetn(a). apolipoprotein B-100 and ferritin. 

Use of nanof iltration is limited to therapeutic proteins having a molecular weight up to 200 kD. In the case of blood 
derived protein solutions, nanof iltration is limited to such proteins as the coagulation factors II, VII, IX and X, protein S. 
protein C, albumin, antithrombin III, plasminogen, heparin cofactor II, Alpha- 1 -proteinase inhibitor, C1 inhibitor, trans- 
ferrin, vitamin D-binding protein and immunoglobulin G. 
45 The pretreatment and subsequent nanof iltration of PCC are preferably operated as follows: 

A. The first step is filtration of PCC over a 200 kD membrane in a tangential flow method at a transmembrane pres- 
sure of less than 0.5 bar. The filtrate passing through the pref irter is collected. During filtration, buffer is added con- 
tinuously to the retentate. The amount of buffer added is equal to the amount of filtrate obtained. Then, in a later 

so stage of this filtration process, the addition of buffer is stopped. After completion of the prefiltration process the 
amount of filtrate preferably is 4 to 6 times the amount of starting material. 

During this prefiltration high molecular weight proteins in a molecular weight range of 400 kD or larger are 
removed from the PCC-solution. It was found that a similar pref itter with 300 kD membranes was not suitable for 
the essential removal of these high molecular weight components. 

55 B. The second step is f Otration of the pref iltered PCC over a 1 5 nm nanof flter in a dead-end filtration mode. During 
this process the 15 nm filtrate, i.e the flowthrough, is directly concentrated using hemodialysis cartridges in order 
to bring the coagulation factors to their desired concentration. The dead-end filtration mode is preferred to prevent 
a further dilution of the product and to prevent that characteristics of the product change, e.g. that the product 
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becomes cloudy. 

The filters used for prefiltration are available from Pall-Rtron (200 kD Omega low protein binding filters). The 15 
nm nanof ilter is available from Asahi Chemical Corp. Ltd (Tokyo, Japan). Suitable hemodialysis cartridges are available 
5 from several manufacturers, e.g. from Fresenius (HF 80). 

The efficacy of the method for removal of non-enveloped viruses was studied by spiking the solution with a known 
amount of a model virus. For this study Canine Parvovirus (as a model for Human parvovirus B1 9) and Hepatitis A virus 
were used. These studies were performed on a scale that is 0.2 % of the production scale. The nanofiltration of PCC is 
capable of removing small non enveloped viruses to an extent of 5.0 to 6.0 on a 10-log scale. 
10 The biochemical composition of nanofiltered PCC is only slightly altered when compared to unfiltered PCC. The 
level of coagulation factors and the concentration of exapients of freeze-dried nanofiltered PCC is similar to that of unfil- 
tered freeze-dried PCC. In vivo and in vitro tests demonstrated that nanofiltration had no adverse effect on the product 
quality and characteristics. 

The invention will be illustrated in more detail in the following examples. 

15 

Example 1 

This example illustrates an experiment performed with 1000 ml of Prothrombin Complex Concentrate derived from 
the conventional production. Prothrombin Complex Concentrate was obtained from human blood plasma and had been 
20 subjected, prior to the prefiltration, to a sequence of steps involving ion exchange chromatography, chemical virus inac- 
tivation with 0.3% (w/w) Tri-n-butylphosphate (TNBP) and 1% (w/w) Tween 80, ion exchange chromatography and con- 
centration. 

Characteristics of Prothrombin Complex Concentrate: 

25 Protein content: 25 mg per ml; 

Chemical composition: 10 mmol/l Na 3 -citrate. 500 mmol/l NaCI; pH 7.0. 

Characteristics pref ilter: 

so Manufacturer: Filtron; 

Type A: 200 kD polyethylene (PEAS) screen channel membrane; 
Effective surface area: 0.07 m 2 . 

Composition nitration buffer: 

35 

10 mmol/l Na 3 -citrate, 500 mmol/l NaCI, pH 7.0. 

Prothrombin Complex Concentrate was concentrated from 1 000 ml to about 250 ml using the pref ilter type A. Here- 
after the volume of the retentate was kept at a constant level of 250 ml by continuously adding filtration buffer. After add- 
40 ing about 1 000 ml of filtration buffer the addition of filtration buffer was stopped and concentration was continued. At the 
end of the process about 2000 ml of pref iltered Prothrombin Complex Concentrate was obtained. 

The recovery of factor IX in the filtrate using the type A prefilter was about 73%. The average filtrate flow for the 
type A prefilter during the process was 9 liter per hour per m 2 This step was carried out at virtually no transmembrane 
pressure. 

45 

Example 2 

This example illustrates an experiment performed with 1000 ml of Prothrombin Complex Concentrate derived from 
the conventional production. Prothrombin Complex Concentrate was obtained from human Wood plasma and was 
so passed, prior to the prefiltration, through a sequence of treatments involving ion exchange chromatography, chemical 
virus inactivation with 0.3% (w/w) Tri-n-butylphosphate (TNBP) and 1% (w/w) Tween 80, ion exchange chromatography 
and concentration. 

Characteristics of Prothrombin Complex Concentrate: 

55 Protein content: 25 mg per ml; 

Chemical composition: 10 mmol/l Na 3 -citrate, 500 mmol/l NaCI; pH 7.0. 

Characteristics prefilter: 
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Manufacturer: Fittron; 

Type B: 300 kD polyethersuHon (PES) screen channel membrane; 
Effective surface area: 0.07 m 2 . 

5 Composition Filtration buffer: 

10 mmol/l Na 3 -citrate, 500 mmol/l NaCI, pH 7.0. 

Prothrombin Complex Concentrate was concentrated from 1000 ml to about 250 ml using the type B-prefilter men- 
tioned above. Hereafter the volume of the reterrtate was kept at a constant level of 250 ml by continuously adding filtra- 
tion buffer. After adding about 1000 ml of filtration buffer the addition was stopped and concentration was continued. At 
the end of the process about 2000 ml of pref iltered Prothrombin Complex Concentrate was obtained. This step was per- 
formed at virtually no transmembrane pressure. 

The recovery of factor IX in the filtrate using the type B pref ilter was 66%. The average filtrate flow for the type B 
prefilter during the process was 26 liter per hour per m 2 area. 

Example 3 

This example illustrates an experiment performed with prefiftered Prothrombin Complex Concentrate derived from 
20 example 1 . 

Characteristics Nanofilter: 

Manufacturer: Asahi Chemical, Tokyo, Japan; 
Type: 15 nm; 

25 material: hollow fibers of cuprammonium regenerated cellulose; 
effective surface area: 0.03 m 2 ; 
type of filtration: dead end; 
configuration: one single filter. 

30 A total volume of 2000 ml of prefiltered Prothrombin Complex Concentrate was passed over the nanofilter in a 
dead-end filtration mode at a constant transmembrane pressure of 0.5 bar (recommendations of manufacturer). The fil- 
trate flow decreased during the experiment from 14 to 10 liter per hour per m 2 . The factor IX recovery over the nanofilter 
was 79% as compared to the prefiltered Prothrombin Complex Concentrate. 

35 Example 4 

This example illustrates an experiment performed with prefiltered Prothrombin Complex Concentrate derived from 
example 2. 

Characteristics Nanofilter: Manufacturer: Asahi Chemical, Tokyo. Japan; 

40 

Type: 15 nm; 

material: hollow fibers of cuprammonium regenerated cellulose; 
effective surface area: 0.03 m 2 ; 
type of filtration: dead end; 
45 configuration: one single filter. 

Of the available 2000 ml prefiltered Prothrombin Complex Concentrate only about 1000 ml could be passed over 
the nanofilter in a dead-end filtration mode at a constant transmembrane pressure of 0.5 bar (recommendations of man- 
ufacturer). The filtrate flow decreased during the experiment from 14 to 4 liter per hour per m 2 . This indicates clogging 
so of the nanofilter. The factor IX recovery over the nanof 8ter was only 35% due to the premature termination of the filtra- 
tion procedure. 

Example 5 

55 Four identical experiments were performed with 1000 ml of Prothrombin Complex Concentrate derived from the 
conventional production. Prothrombin Complex Concentrate was obtained from human blood plasma and had been 
subjected, prior to the prefiltration, to subsequent treatments involving ion exchange chromatography, chemical virus 
i reactivation with 0.3% (w/w) Tri-n-butytphosphate (TNBP) and 1% (w/w) Tween 80, ion exchange chromatography and 
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finally concentration. 

Characteristics of Prothrombin Complex Concentrate: 

Protein content: 25 mg per ml; 

Chemical composition: 10 mmol/I Na 3 -citrate, 150 mmol/l NaCI; pH 7.0. 
Characteristics prefilter: 
Manufacturer: Filtron; 

Type A: 200 kD polyethersuHbn (PES) screen channel membrane; 
Effective surface area: 0.07 m 2 . 

Composition Filtration buffer: 

10 mmol/l Na 3 -cftrate, 500 mmol/l NaCI. pH 7.0. 

Prothrombin Complex Concentrate was concentrated in a stepwise fashion over the prefilter type A. The steps 
used, expressed as percentage of starting volume, were: 100 to 50%, 50 to 40%, 40 to 30% and 30 to 20%. After each 
concentration step the volume was kept constant by adding filtration buffer (about 250 ml per step). Only concentration 
was applied when the retentate was concentrated to about 20% of the starting volume. At the end of the process about 
3000 ml of filtrate was obtained. This filtration step was performed at virtually no transmembrane pressure. 

The average recovery of factor IX in the filtrate using the type A prefilter was 94%. The filtrate flow during the proc- 
ess decreased from 20 to 7 liter per hour per m 2 . 

Example 6 

This example illustrates an experiment performed with a pool of four pref iltered Prothrombin Complex Concentrates 
(about 12 liters) derived from example 5. 
Characteristics Nanofifter: 

Manufacturer: Asahi Chemical, Tokyo, Japan; 
Type:15nm; 

effective surface area: 0.03 rn 2 ; 

type of filtration: dead end; 

configuration: two nanofirters serially connected. 

During nanofirtration the filtrate flow decreased linear from 16 to 1 1 liter per m 2 per hour. The recovery of factor IX 
was 96%. 

Example 7 

This example illustrates an experiment performed with the nanofiltered Prothrombin Complex Concentrate derived 
from example 6. 

Characteristic of Hemodialysis cartridge: 

Manufacturer: Fresenius, Bad Homburg, Germany; 

type: Hemoflow HF 80; 

effective surface area: 1 .8 m 2 ; 

configuration: one single hemodialysis cartridge. 

Dialysis buffer: 

Composition: 10 mmol/l Na 3 -citrate. pH 7.0. 

During the steps described in examples 5 and 6 the PCC was diluted approximately four to five fold. This diluted 
nanofiltered Prothrombin Complex Concentrate was concentrated using a hemodialysis hollow fiber cartridge. After 
concentration the same hemodialysis cartridge was used for decreasing the ionic strength of the solution by dialysis 
against dialysis buffer until an ionic strength of 16 mS per cm was reached. The recovery of factor IX in this step was 
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92%. 

Example 8 

5 Four identical experiments were performed with 1 8 liter of Prothrombin Complex Concentrate derived from a con- 

ventional production. Prothrombin Complex Concentrate was obtained from human Wood plasma and prior to prepara- 
tion had been treated in subsequent steps involving ion exchange chromatography, chemical virus inactivation with 
0.3% (w/w) Tri-n-butylphosphate (TNBP) and 1%<w/w) Tween 80, ion exchange chromatography and finally concentra- 
tion. 

10 Characteristics of Prothrombin Complex Concentrate: 
Protein content: 25 mg per ml; 

Chemical composition: 10 mmol/l Na 3 -crtrate. 500 mmol/l NaCI; pH 7.0. 
is Characteristics prefilter: 
Manufacturer: Firtron; 

Type A: 200 kD polyethersuHon (PES) screen channel membrane; 
Effective surface area: 3.6 m 2 ; 
20 Flow mode: tangential. 

Characteristics Nanof ilter: 

Manufacturer: Asahi Chemical. Tokyo, Japan; 
25 Type: 15 nm; 

effective surface area: 1 m 2 : 
Flow mode: dead end; 

Configuration: Two parallel sets of two serially connected 1 m 2 Planova filters. 

30 Characteristic of Hemodialysis cartridge: 

Manufacturer: Fresenius, Bad Homburg, Germany: 
Hemoflow HF 80; 
effective surface area: 1 .8 m 2 ; 
35 configuration: two parallel mounted hemodialysis cartridges. 

Composition Filtration buffer: 

10 mmol/l Na 3 -citrate. 500 mmol/l NaCI. pH 7.0. 

AO 

Composition Dialysis buffer: 
10 mmol/l Na3-citrate. pH 7.0. 

as About 1 8 liters of Prothrombin Complex Concentrate was filtered over the pref irter with a transmembrane pressure 
of 0.3 bar. Prior to prefiltration the product was recirculated starting at a transmembrane pressure of 0.7 bar. Every five 
minutes the transmembrane pressure was decreased with 0.1 bar to a final operation transmembrane pressure of 0.3 
bar. In this recirculation phase a gel layer was formed on the membrane which prevented throughput* of high molecular 
weight proteins. This resulted in about 60 liter pref irtered nanof Htrate which was subsequently passed over two parallel 

so sets of two serially connected nanofilters. The filtrate derived from nanof irtration was concentrated in line four to six fold 
with two parallel mounted hemodialysis cartridges. Hereafter the ionic strength was reduced to 16 mS/cm by dialysis 
against dialysis buffer using the same hemodialysis cartridges. The recovery of factor IX for these four large scale 
experiments was about 72% as compared to the starting material. 

55 Example 9 : Virus removal studies with Planova 15N 



The virus removal capacity of nanofiltration was studied by spiking prefittered Prothrombin Complex Concentrate 
with relevant viruses such as Human Immunodeficiency Virus (HIV) and Hepatitis A Virus (HAV), and model viruses 
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such as Bovine Viral Diarrhoea Virus (BVDV). Pseudo Rabies Virus (PSR), Encephalomyocardife Virus (EMC), and 
Canine Parvovirus (CPV). EMC, HAV and CPV are viruses belonging to the class of non-enveloped viruses. EMC, HAV 
and CPV have a diameter of 20 to 25 nm. CPV is considered to be a model virus for Human Parvovirus B19. 

These spiking studies were performed on a scale of 1 00 ml (this is about 0.2% of the industrial scale) of pref iftered 
Prothrombin Complex Concentrate derived from example 1 . The material spiked with the above mentioned viruses was 
passed over two serially connected Planova 15N filters with a surface area of 0.003 m 2 each. The virus titer was deter- 
mined in the prefiltered material and in the nanofiltered Prothrombin Complex Concentrate. The virus removal is 
expressed as a logarithmic reduction factor (in 10 log-metric). 

The results of the studies are given in table 1 . 



Table 1 



virus studied 


Size (nm) 


Lipid envelope 


Physico-chemical 
Resistance 


Removal by nanofiltration 
over serially connected 
Planova fitters (10 log-met- 
ric) 


HIV 


80-120 


Yes 


Low 


>7.0 


BVDV 


40 


Yes 


Intermediate 


>5.9 


PSR 


120-200 


Yes 


Intermediate 


>6.2 


EMC 


20 


No 


Intermediate 


>7.3 


CPV 


20 


No 


High 


>5.1 


HAV 


25 


No 


High 


>5.9 



These data show that nanofiltration is capable of reducing the virus load of the prefiltered Prothrombin Complex 
Concentrate wfth a factor of 1 0 5 - 1 0 7 for viruses with a size of 20 to 25 nm and above. 

Claims 

1 . A method for removing viruses from a protein solution, comprising subjecting said mixture to a pretreatment which 
removes large proteins and subjecting the resulting product to nanofiltration which removes viruses. 

2. A method according to claim 1, wherein said protein solution is a blood derived protein solution. 

3. A method according to claim 1 , wherein said protein solution contains proteins selected from the group consisting 
of coagulation factors II. VII, IX, X, Protein C, Protein S, albumin, antithrombin III, plasminogen, heparin cofactor II, 
AIpha-1 -proteinase inhibitor, CI inhibitor, transferrin, vitamin D-binding protein and immunoglobulin Q. 

4. A method according to claim 1 , wherein said protein solution contains vitamin K dependent blood plasma proteins. 

5. A method according to claim 1 , wherein said protein solution is Prothrombin Complex Concentrate. 

6. A method according to claim 1 , wherein said large proteins have a molecular weight larger than about 200 kD. 

7. A method according to claim 1 , wherein said large proteins have a molecular weight of from about 400 kD to about 
20,000 kD. 

8. A method according to claim 1 , wherein said large proteins are selected from the group consisting of fibrinogen, 
fibronectin, immunoglobulin M, coagulation factors VIII, XIII, von Willebrand factor and its multimeric forms, inter- 
alpha-(trypsin)Hnhibitor, alpha-2-macroglobulin, C1q complement protein, C4 complement protein, apolipopro- 
tein(a). apolipoprotein B-100 and ferritin. 

9. A method according to claim 1 . wherein said pretreatment comprises membrane filtration over a membrane having 
a cut-off value of between about 150 to about 250 kD, preferably about 200 kD. 
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1 0. A method according to claim 1 , wherein said pretreatment corcprises membrane filtration carried out in a tangential 
flow filtration mode at a transmembrane pressure of less than 0.5 bar. 

1 1 . A method according to claim 10, wherein during filtration a buffer is added to the reterrtate and the filtration process 
is stopped when the amount of filtrate is about 4 to 6 times the amount of starting material. 

12. A method according to claim 1, wherein said nanof titration is carried out over a nanofilter having a cut-off value of 
between about 10 to about 30 nm, preferably about 15 nm. 

13. A method according to claim 1, wherein said nanofiltration is carried out in a dead-end filtration mode. 

14. A method according to claim 1, wherein the nanofiltrate is concentrated by dia- or ultrafiltration, preferably in a 
hemodialysis cartridge. 

15. A method according to claim 1, wherein said viruses are non-enveloped viruses. 

16. A method according to claim 1, wherein said viruses are non-enveloped viruses having a diameter of 20 nm or 
more. 

17. A method according to claim 1 , wherein said viruses are non-enveloped viruses selected from the group consisting 
of Hepatitis A Virus, parvoviruses such as Human Parvovirus B19 and Canine Parvovirus, and Encephalomyocar- 
dftis Virus. 

1 8. A method according to claim 1 . further inducing a virus inactivation, preferably before said pretreatment. by treating 
the protein solution with detergents such as ionic and/or non-ionic detergents in the presence of di- or trialkyl phos- 
phate compounds such as tri-n-butyl phosphate. 

19. A method according to claim 1, wherein the protein solution obtained is lyophilized. 

20. A product substantially free of viruses, obtainable with the method of any one of claims 1 to 19. 

21 . A Prothrombin Complex Concentrate substantially free of viruses, obtainable with the method of any one of claims 
1 to 19. 
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